Study question: What are the maternal risk factors for hyperemesis gravidarum (HG) hospital admission, readmission and reoccurrence in a following pregnancy?
assess sociodemographic, pregnancy and comorbidity risk factors for HG onset, HG readmission within a pregnancy and reoccurrence in a subsequent pregnancy.
Main results and the role of chance: Being younger, from a less socioeconomically deprived status, of Asian or Black ethnicity, carrying a female fetus or having a multiple pregnancy all significantly increased HG and readmission risk but only ethnicity increased reoccurrence. Comorbidities most strongly associated with HG were parathyroid dysfunction (aOR=3.83, 95% confidence interval 2.28 to 6.44), hypercholesterolemia (aOR=2.54, 1.88 to 3.44), type 1 diabetes (aOR=1.95, 1.82 to 2.09), and thyroid dysfunction (aOR=1.85, 1.74 to 1.96).
History of HG was the strongest independent risk factor (aOR=4.74, 4.46 to 5.05).
Women with higher parity had a lower risk of HG compared to nulliparous women (aOR=0.90, 0.89 to 0.91), which was not explained by women with HG curtailing further pregnancies.
Limitations, reasons for caution: Although this represents the largest populationbased study worldwide on the topic, the results could have been biased by residual and unmeasured confounding considering that some potential important risk factors such as smoking, BMI or prenatal care could not be measured with these data.
Underestimation of non-routinely screened comorbidities such as hypercholesterolemia or thyroid dysfunction could also be a cause of selection bias.
Wider implications of the findings:
The estimated prevalence of 1.5% from our study was similar to the average prevalence reported in the literature and the representativeness of our data has been validated by comparison to national statistics. Also the prevalence of comorbidities was mostly similar to other studies estimating these in the UK and other developed countries. Women with Black or Asian ethnicity, of young age, carrying multiple babies or singleton females, with type
Introduction
Nausea and vomiting in pregnancy (NVP) is a very common symptom that affects 50-90% of pregnant women and at least a third need clinical intervention (Jarvis and Nelson-Piercy, 2011) . The most severe form of NVP, requiring medical treatment, is hyperemesis gravidarum (HG) which affects up to 2% of pregnant women (Poursharif et al., 2007) . HG may lead to important maternal conditions such as dehydration, venous thrombosis (Virkus et al., 2014) and depression (McCarthy et al., 2011) and offspring morbidities such as fetal growth restriction and neurodevelopmental delay (Fejzo et al., 2015) . Considering these associated risks and the prevalence of HG, which is similar to that of diabetes in pregnancy, it potentially contributes to a significant proportion of currently under-recognised maternal and child morbidity.
The aetiology of HG has been studied but the causes remain unknown and it is extremely difficult to predict in which women clinically important NVP will develop and reoccur in subsequent pregnancies. Different theories suggest that hormonal dysfunction (Verberg et al., 2005) , multiple pregnancy (Fell et al., 2006; Roseboom et al., 2011) and a genetic predisposition (Zhang et al., 2011) are all associated risk factors for HG. However most evidence is based on small studies and includes a varied spectrum of severity. In-patient hospital admissions characterised by excessive NVP in 2011 were just under 35,000 for England alone, according to national maternity statistics (Trevelyan Square, 2012) . Controversial results have been shown to quantify the extent to which women in the general population will develop HG in first and subsequent pregnancies based on some of their baseline risk factors (Vikanes A, Grjibovski AM, Vangen S and Magnus P., 2008; Y. Fan and H. Jacobsen, 2010) .
We assessed over 8 million pregnancies, from hospital records that cover all of England, to quantify the burden of HG and identify important risk factors for HG admission, readmission and reoccurrence in subsequent pregnancies.
Materials and Methods

Study population
The 
Classification of Interventions and Procedures (OPCS-4) codes (NHS Connecting for
Health, 2012). In-patient admissions data have been collected since April 1997 and a subset of these data, known as the HES maternity dataset contains details on all delivery admissions in mothers' records and on all birth admissions for newborns born alive or stillborn. This dataset has been previously validated for perinatal studies (Bragg et al., 2010) . We created a cohort of all completed pregnancies by extracting every delivery recorded in the HES maternity dataset where a pregnancy started after 6 th April 1997 and the delivery was before 5 th April 2012.
Hyperemesis gravidarum definition and severity
All antenatal hospital admissions with an ICD-10 code for HG in the primary diagnosis field were extracted from HES. A pregnancy was considered to be affected by HG if at least one admission with primary diagnosis for HG was recorded during the gestational period excluding the delivery admission. There is no standard measure to assess HG severity and HES does not provide information on intravenous fluids and drug treatments given during admission, so we assessed women's total number of admissions for HG, their total length of hospital stay (in days) and the distribution of admission across pregnancy trimesters.
Risk factors
Risk factors were primarily pre-specified based on associations with NVP or HG previously-reported (Fell et al., 2006; Roseboom et al., 2011) The sex of the baby, birth plurality (singleton, twins or other multiple delivery) and parity were obtained from the delivery record in HES maternity data. As parity was incomplete (30% missing) in the delivery record, we additionally used any previously recorded incident deliveries in HES and any diagnostic codes with information on parity. This approach reflects different methods in other work previously published and is in agreement with their final results. (Bragg et al., 2010; Cromwell et al., 2014; Sandall et al., 2014) Such methodology to estimate parity using a look-back technique has been shown to provide accurate estimations of multiparous women but can compromise accuracy of nulliparity (Cromwell et al., 2014) . For this reason,
we performed a sensitivity analysis restricting the population to women who were from under 20 years of age during the study period to ensure that all their pregnancies were included in the dataset and that the nulliparous rate was as accurate as possible.
Statistical analysis
We calculated the prevalence of HG as a proportion of all pregnancies and assessed variation across all risk factors. We performed logistic regression using a generalised estimating equation (GEE) to account for potential clustering effects from women who had more than one pregnancy during the study period (Hanley et al., 2003 (Benjamini and Hochberg, 1995) to impose a maximum overall false discovery rate (FDR) of 1% for each major outcome (HG, HG readmission and HG recurrence) modelled. Associations where the confidence interval implied significance, but which were rejected under the FDR criterion are highlighted in the results and should be interpreted cautiously. Missing values for any variable were coded and analysed as a separate category.
We described the burden of HG admissions according to the number and length of admissions by trimester (trimester 1 -last menstrual period (LMP) to 13 completed weeks; trimester 2 -start of 14 th week to 28 completed weeks; trimester 3 -start of 29 th week to delivery) and gestational week (from LMP). We calculated rate of readmission over all pregnancies with HG. We estimated risk of readmission and reoccurrence and assessed which risk factors were associated with each using multivariate logistic regression analysis with a GEE model. For readmission, we compared women with at least one HG readmission to women with no admissions for HG to compare the potentially severe HG cases to the same reference group as the mild HG cases. We assessed reoccurrence of HG amongst women who had HG in their first recorded pregnancy by comparing women with HG in the subsequent pregnancy to women without reoccurrence. We looked for evidence that deprivation might modify the effect of age on each outcome by adding an interaction term between age group and IMD quintile to the adjusted model. Where the inclusion of this interaction improved the model fit (assessed using Wald tests in the clustered HG and HG readmission outcome models, and likelihood ratio tests in the nonclustered HG reoccurrence model), we used a cell means model to obtain IMD quintile-specific estimates of the effects of age. All statistical analyses were conducted with Stata version 14.
Ethical Approval
All data are anonymised, such that individual patients as well as the name and specific location of residence cannot be identified by researchers. Ethical approval for this study was obtained from The Health & Social Care Information Centre (DSA Reference: NIC-383714-V7G7Q).
Results
There were 8,215,538 pregnancies among 5,329,101 women between 1997 and 2012 of which 0.54% resulted in stillbirths and 1.6% were multiple deliveries. The prevalence of HG in pregnancy was 1.48% with a total of 121,885 pregnancies being affected by at least one primary admission for HG over the study period. Prevalence of admission for HG in pregnancy increased from 1.03% of pregnancies whose delivery occurred in 1998 to 1.75% of pregnancies whose delivery occurred in 2011 and this increase was statistically significant after adjusting for changes in the population's maternal characteristics over time (aOR=1.48, 95%CI=1.43 to 1.53 in
Risk factors for hyperemesis gravidarum hospital admissions
Figures for the crude prevalence of HG by maternal characteristics (Table 1) showed that women under the age of 30, with Asian or Black ethnicity and those living in more socioeconomically deprived areas were more likely to be admitted for HG.
Multiple pregnancies and female fetal sex were also associated with a significantly increased risk of HG as was history of HG in a previous pregnancy and pre-existing and gestationally developing comorbidities. Adjusted odds ratios for HG in Table 1 show Reoccurrence of hyperemesis gravidarum in a following pregnancy
In the overall population, women affected by HG in one pregnancy and who had a subsequent pregnancy were 33,214 of whom 8,674 had HG in the following pregnancy, accounting for 26% of the risk of HG reoccurrence in a subsequent pregnancy (Table 2) ; only Asian or Black ethnicity and thyroid dysfunction increased the risk of HG reoccurrence, although the result for thyroid dysfunction was nonsignificant according to the 1% FDR criterion and should therefore be interpreted cautiously.
Burden of hyperemesis gravidarum in England
A total of 186,800 HG admissions occurred during 121,885 pregnancies, the characteristics of which are shown in Table 3 . The readmission rate was 28% and within pregnancies with HG, 72% had only one admission, 17% experienced two admissions, whereas 11% had three or more admissions. The vast majority of pregnancies had admissions only in the first trimester (71% of pregnancies with HG), whereas 25% had admissions up to the second trimester and 4% up to the third trimester. Only 10% of pregnancies with admissions for HG were managed as day cases whereas 33% had more than four days of in-patient hospital stay during the pregnancy. HG admissions peaked at eight weeks' gestation ( Figure 2 ) with a median length of hospital stay during the first 18 weeks' gestation of three days (interquartile range(IQR) 2-4) which then decreased to two days (IQR 1-3 days). Of the total admissions, 74% were through an emergency route, 24% were through a maternity ward and only 1% were elective.
Discussion
Main findings
With over 8 million pregnancies, we conducted one of the largest studies internationally to assess the occurrence and reoccurrence of HG and the risk factors for HG hospital admission. Admission for HG has increased over time, occurring in 1.75% of pregnancies where women delivered in 2011 and with a total of 17,629 admissions in 2010 (only for pregnancies ending in live births and stillbirths). Over 28% of women with HG had readmissions within the same pregnancy and the reoccurrence rate in following pregnancies was 26%. This represents a substantial burden on hospitals, which could be reduced or potentially prevented with earlier recognition and management of symptoms in the first trimester via gynaecology day case, midwifery or general practitioner services. We also identified that younger age, less socioeconomically deprived status, Asian or Black ethnicity, a female fetus, multiple pregnancy, nulliparity and several comorbidities are all independent risk factors for HG; these factors could assist in earlier recognition.
Strengths and limitations
We used a rigorous approach in including only records of admission specifying a primary diagnosis of HG, thus excluding a proportion of admissions (3.7%) where HG was reported as secondary diagnosis. Nevertheless, the estimated prevalence of 1.5% from our study was similar to or higher than the average prevalence reported in the literature (Verberg et al., 2005 ; Vikanes A, Grjibovski AM, Vangen S and Magnus P., 2008; Roseboom et al., 2011; Bolin et al., 2013; Virkus et al., 2014) . HG prevalence showed a constant increase over time possibly due to either an improvement of the coding specificity for HG versus NVP or an increased number of cases presenting to hospital for care and support.
HES data allowed collection of information on the relevant maternal risk factors assessed in this analysis with a fairly low rate of missing values for socio-economic status (0.7%), sex of the baby (3.9%), birth plurality (0.4%) and ethnicity (13.4%).
The completeness of birth information in maternity HES has been improving over time (Murray et al., 2012) and the representativeness of our data has been validated by comparison to national statistics (ONS, 2010) and other datasets extracted from HES (Bragg et al., 2010; Sandall et al., 2014) . Maternal comorbidities could have been underestimated, missing for instance mild cases of anaemia or diabetes managed in primary care or outpatient secondary care. Nevertheless the prevalence of comorbidities was similar to that in other studies estimating these in the UK and other countries, indicating that women's delivery records capture most relevant comorbidities. We acknowledge that the findings may be affected by residual confounding and unmeasured confounding considering that some potential important risk factors such as smoking, BMI or prenatal care could not be measured with these data. We assessed severity of HG using hospital readmissions, however this may not fully capture severity as readmission in the current pregnancy or reoccurence in a following pregnancy is influenced also by other factors like primary care support, mental attitude and sociocultural factors (McCarthy et al., 2011) .
Comparison with previous studies
Younger maternal age, birth plurality (Fell et al., 2006; Roseboom et al., 2011) , Black and Asian ethnicity (Vikanes A, Grjibovski AM, Vangen S and Magnus P., 2008), carrying a singleton female baby (Fell et al., 2006; Roseboom et al., 2011) , history of HG in previous pregnancies (Zhang et al., 2011) and type 1 diabetes (Fell et al., 2006; Roseboom et al., 2011) were all risk factors for HG, in agreement with previous work. Our large study power additionally enabled us to assess the relationship between birth plurality and fetal sex which showed a higher risk with multiple females compared with multiple males, which supports higher oestrogen levels in the development of HG (Schiff et al., 2004) . Among women under 30 years of age, we also found a more pronounced increased risk of HG for those in the least deprived socioeconomic group according to the IMD score, a well validated national measure. These variations could be due to different possible scenarios such as young women from least deprived groups having lower endurance levels to uncomfortable symptoms or older women from most deprived groups being more likely to stay at home for sustaining family needs. A Norwegian study showed that fewer years of education was associated with higher HG prevalence (Vikanes et al., 2013) whereas the opposite was found in an American study (Schiff et al., 2004) , although neither were in adjusted analyses. Whilst contrasting results from previous studies (Fell et al., 2006; Louik et al., 2006; Vikanes et al., 2013) and a systematic review (Y. Fan and H. Jacobsen, 2010) showed that the association between HG and parity is not yet well defined, our study showed that nulliparous women had a higher risk of admission for HG compared to parous women, after adjusting for differing maternal characteristics. This was not explained by women with HG curtailing further pregnancies as the proportion of women going on to have subsequent pregnancies was actually similar between women with and without HG in their first pregnancy (44% and 43% respectively). Maternal thyroid dysfunction and anaemia were associated with HG in our study as well as in previous studies (Verberg et al., 2005; Jarvis and Nelson-Piercy, 2011) , however the timing of onset of these complications relative to HG is difficult to ascertain in these data.
Hypercholesterolemia had a strong association with HG and to our knowledge no studies have explored this so far. However this result could be affected by selection bias as hypercholesterolemia, as well as thyroid and parathyroid dysfunctions, is not routinely tested for in pregnancy in the UK and thus could have been underdiagnosed in many otherwise healthy women. We found no evidence of association with pre-existing hypertension which was shown in a previous Dutch study, albeit in unadjusted analyses (Roseboom et al., 2011) .
Risk for HG reoccurrence was 15% (Trogstad et al., 2005) in a Norwegian study, possibly affected by an underestimation of HG prevalence, and 48% in an American study, likely affected by selection bias . The reoccurrence risk of 26% shown in our study was based on evidence from 33,214 women with HG in their initial pregnancies.
Conclusions
Hyperemesis gravidarum is an extremely debilitating condition that has physical, psychological, social and economic impact on affected women and their families. We have shown that it is responsible for a significant proportion of hospital admissions during pregnancy. However, it is still underestimated by the health professional community resulting in inadequate supportive care for the affected women (Poursharif et al., 2007; Gadsby et al., 2011) . This current assessment of HG risk factors in England highlights those women where prediction and possible control of the deterioration of this condition may improve care and reduce admissions (McCarthy et al., 2014) . 
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